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Description 



[0001] In the production of a printed circuit board (PCB), in a first (multi-step) stage a "bare board' is prepared and 
in a second (multi-step) stage, various components are mounted on the board. The present invention relates to the 
5 final steps in the manufacture of the bare board, in which the bare board is coated with a protective layer prior to 
passing to the second production stage. 

[0002] There are currently two types of components for attachment to the bare boards in the second stage: legged 
components eg resistors, transistors etc and, more recently, surface mount devices. Legged components are attached 
to the board by passing each of the legs through a hole in the board and subsequently ensuring that the hole around 
io the leg is filled with solder. Surface mount devices are attached to the surface of the board by soldering with a flat 
contact area or by adhesion using an adhesive. 

[0003] In the first stage, a board comprising an insulating layer, a conducting circuit pattern and conductive pads 
and/or through-holes is produced. The board may be a multi-layer board having more than one conducting circuit 
pattern positioned between insulating layers or may comprise one insulating layer and one conducting circuit pattern. 
is [0004] The through-holes may be plated through so that they are electrically conducting and the pads which form 
the areas to which the surface-mount components will be attached in the subsequent component-attachment stage, 
are also electrically conducting. 

[0005] The conductive areas of the circuit pattern, pads and through-holes may be formed from any conductive 
materia) or mixtures of different conductive materials. They are generally however, formed from copper. Since over 
20 time, copper tends to oxidise to form a copper oxide layer with poor solderability, prior to passing to the second, com- 
ponent-attachment stage, a protective layer is coated over the pads and/or through-hole areas where it is desired to 
retain solderability to prevent formation of a poorly solderable surface layer of copper oxide. 

[0006] Whilst there is more than one way for preparing the bare boards, one of the most widely used processes for 
making the bare boards is known as the 'solder mask over bare copper" (SMOBC) technique. Such a board generally 

25 comprises an epoxy-bonded fibreglass layer clad on one or both sides with conductive material. Generally, the board 
will be a multi-layer board having alternate conductive layers which comprise circuit pattern, and insulating layers. The 
conductive material is generally metal foil and most usually copper foil. In the SMOBC technique, such a board is 
obtained and holes are drilled into the board material using a template" or automated drilling machine. The holes are 
then "plated through' using an electroless copper plating process which deposits a copper layer on the entirety of the 

30 board: both on the upper foil surfaces and on the through-hole surfaces. 

[0007] The board material is then coated with a light sensitive film (photo-resist), exposed to light in preselected 
areas and chemically developed to remove the unexposed areas revealing the conductive areas which are the plated 
through-holes and pads. Generally, in the next step, the thickness of the metal foil in the exposed areas is built up by 
a further copper electroplating step. A protective layer of an etch resist, which is usually a tin) lead alloy electroplate 

35 composition is applied over the exposed and thickened copper areas. 

[0008] The photo-resist is then removed exposing the copper for removal and the exposed copper surface is etched 
away using a copper etching composition to leave the copper in the circuit pattern finally required. 
[0009] In the next step, the tin-lead alloy resist is stripped away. 

[0010] Since components will not be attached to the copper circuit traces, rt is generally only necessary to coat the 
to solder for attaching the components over the through-hole and pad areas but not the traces. Solder mask is therefore 
applied to the board to protect the areas where the solder coating is not required, for example using a screen printing 
process or photo-imaging technique followed by development and, optionally curing. The exposed copper at the holes 
and pads is then cleaned and prepared for solder coating and the protective solder-coating subsequently applied, for 
example by immersion in a solder bath, followed by hot air levelling (HAL) to form a protective solder coating on the 
45 areas of copper not coated with solder mask. The solder does not wet the solder mask so that no coating is formed 
on top of the solder-mask protected areas. 

[0011] At this stage, the board comprises at least one insulating layer and at least one conductive layer. The con- 
ductive layer or layers comprise a circuit trace. The board also comprises a pad or pads and/or through-hole(s) protected 
from tarnishing by layer of solder. A single conductive layer may comprise either a circuit trace or pad(s), or both. Any 
50 pads will be part of a conductive layer which is an outerlayer of a multi-layer board. The circuit traces on the board are 
coated with solder mask. 

[001 2] Such a board is ready to proceed to the second stage for attachment of the components. In this second stage, 
generally attachment of the components is achieved using solder: firstly a layer of solder paste (comprising solder and 
flux) is applied onto the boards, generally by printing and the components are positioned on the printed boards. The 
55 board is then heated in an oven to produce fusion of the solder in the solder paste, which forms a contact between the 
components and the board. This process is known as reflow soldering. Alternatively a wave soldering process is used 
in which the board is passed over a bath of molten solder. In either case additional solder is used over and above any 
protective solder coating. 
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[0013] The additional complications of attaching both legged components and the surface mount devices and the 
special requirements for mounting many small closely spaced components have resulted in increased demands on 
the surface protection coating for the conductive metal to which the components will be attached, on the PCB's. It is 
essential that the finish applied by the bare board manufacturer does not leave a pad with an uneven surface as this 
s increases the risk of electrical failure. It is also essential that the protective coating does not interfere in the subsequent 
solder step, thereby preventing formation of a good, conducting bond between the bare board and components. An 
extra step in which the protective coating is removed would be undesirable. 

[001 4] As explained above, the conductive metal surfaces are generally formed of copper and the protective surface 
must be applied at the end of the first stage to prevent the formation of non-solderable copper oxide on the copper 

to surfaces prior to the component attachment. This is particularly important because generally speaking, the first stage 
and the second, component-attachment stage will be carried out on completely different sites. There may therefore be 
a considerable time delay between formation of conducting pads and/or through holes and the component attachment 
stage, during which time oxidation may occur. Therefore, a protective coating is required which will retain the soldera- 
bility of conducting material and enable a soldered joint to be made when the components are attached to the bare 

75 boards. 

[001 5] The most common protection coating presently used is tin/lead solder, generally applied using the "HAL" (Hot 
air levelling) process, an example of which is described in detail above. 

[0016] HAL processes are limited because it is difficult to apply the solder evenly and the thickness distribution 
produced by the use of HAL processes makes it difficult to reliably attach the very small and closely spaced components 
20 now being used: 

[001 7] Several replacement treatments for the HAL coating of a solder layer are being introduced. The coatings must 
enable formation of a reliable electrical contact with the component. They should also be able to stand up to multiple- 
soldering steps. For example, as described above there are now both legged and surface mount components for 
attachment to the bare boards and these will generally be attached in at least two soldering operations. Therefore, the 
25 protective coatings must also be able to withstand at least two soldering operations, so that the areas to be soldered 
in a second operation remain protected during the first operation. 

[0018] Alternatives to the tin/lead alloy solder used in the HAL process which have been proposed include organic 
protection, immersion tin or tin/lead plating and nickel/gold plating. In the nickel/gold process electroless plating of the 
copper surfaces is carried out in which a primer layer of nickel is applied onto the copper followed by a layer of gold. 
30 This process is inconvenient because there are many process steps and in addition, the use of gold results in an 
expensive process. 

[0019] Organic protection for the copper pads during storage and assembly prior to soldering have also been effected 
using flux lacquer. Its use is generally confined to single-sided boards (ie. boards which have conductive pads on only 
one side). The coating is generally applied by dip, spray or roller coating. Unfortunately, it is difficult to provide a con- 

3S sistent coating to the board surfaces so limited life expectancy, due to the porosity of the coating and to its inconsistent 
coating thickness, results. Flux lacquers have also been found to have a relatively short shelf life. A further problem is 
that in the component-attachment stage, if reflow soldering is to be used to attach the components, the components 
are held in place on the underside of the boards with adhesive. In cases where the flux lacquer is thick, the adhesive 
does not bond the component directly to the printed board, but instead forms a bond between the adhesive and the 

to lacquer coating. The strength of this bond can drop during the fluxing and soldering step causing components to be 
lost during contact with the solder baths. 

[0020] One other alternative currently being used is passivation/protection treatment based upon the use of imida- 
zoles or triazoles in which copper-complex compounds are formed on the copper surface. Thus, these coatings chem- 
ically bond to the surface and prevent the reaction between copper and oxygen. However this process is dtsadvanta- 

45 geous because it tends to be inadequate for withstanding successive soldering steps so that the high temperatures 
reached in a first soldering step tend to destroy the layer which cannot withstand a subsequent soldering operation 
needed to mount further components. One example of such a process is given in EP-A-0428383, where a process is 
described for the surface treatment of copper or copper alloys comprising immersing the surface of copper or copper 
alloy in an aqueous solution containing a benzimidazole compound having an alkyl group of at least 3 carbon atoms 

50 at the 2-position, and an organic acid. 

[0021] Processes are also known which provide coatings using compositions which comprise silver. 

[0022] The three common complexing systems for electroless silver plating processes are either ammonia- based, 

thiosulphatc- based or cyanide -based. 

[0023] The ammonia systems are disadvantageous because the ammonia-containing silver solutions are unstable 
55 and explosivs azides may tend to form. Thiosulphate systems are disadvantageous for use in the electronics industry 
because sulphur compounds in the silver coatings formed result in poor solderability so that in the subsequent com- 
ponent-attachment step, a poor electrical contact may be formed between the bare board and the component. 
[0024] The cyanide-based systems are disadvantageous due to the toxicity of the plating solutions. 
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[0025] In US-A-5318621 an electroless plating solution containing amino acids as rate enhancers for depositing 
silver or gold onto a nickel coating overlying copper on a circuit board is disclosed. It is described that neither gold nor 
silver electroless plating baths based on thiosulphate/sulphate will plate directly onto copper because the copper rapidly 
dissolves without allowing a silver or gold coating to form. In the introduction of this reference, "Metal Finishing Guide- 
5 book & Directory" (1 993 edition) silver plating solutions comprising silver nitrate, ammonia and a reducing agent such 
as formaldehyde are mentioned. 

[0026] US-A-4863766 also discloses electroless silver plating, using a cyanide-based plating solution. In Metal Fin- 
ishing (1 983) 81 (1 ), pp 27-30 Russev describe immersion silvering of copper powder from a plating sotution containing 
silver nitrate and a nitrogen complexing agent. In Metal Finishing (1960) August, p 53 Geld describes a silver coating 
10 process involving an initial bright dip of the brass or copper substrate, followed by a silver plating step in which a thick 
coating of silver is plated from a solution of silver nitrate and potassium iodide. The process is for plating of electrical 
contacts to increase conductivity. 

[0027] In JP-A-04-1 10474 a base material is plated with silver, dried and subsequently treated with a mercaptan 
compound to prevent tarnish. 

15 [0028] In DE-C-4316679 base metals such as copper are coated with palladium in a two-step process including a 
first-step in which the surface is contacted with a bath containing a palladium salt and an oxidising agent, and in the 
second step with a bath containing a palladium salt, a complexing agent and formic acid or formic acid derivative. The 
latter bath may also contain stabilisers for the bath itself, which stabilise the bath against decomposition or ■plating- 
out'. It is suggested that the copper substrate should previously be etched using a non-bright etch bath including 

20 persulphate. However such pretreatment steps tend to produce relatively porous coatings. The inventors minimise the 
porosity of the coating by using the two-step process in the first of which a very thin coating is formed. This reference 
warns against using silver as corrosion protection due to migration. 

[0029] The present invention relates to a displacement immersion metal-plating in which a more electropositive metal 
displaces a less electropositive metal at the surface to be coated. Ions of the more electropositive metal oxidise the 
25 substrate metal. A displacement plating process differs from an electroless process because the silver coating forms 
on the surface of a metal by a simple displacement reaction due to the relative electrode potentials of the oxidisable 
metal of the surface to be protected and of the silver ions respectively. 

[0030] It is reported in for example "Modern Electroplating" by F A. Lowenheim, published by J Wiley & Sons (1 963) 
that silver will plate by displacement on most base metals but that immersion plated silver is poorly adherent. FA. 
30 Lowenheim suggests that when electroplating base metals with silver, it is necessary to deposit first a thin film of silver 
on the work piece from a high-cyanide strike bath to ensure good adhesion of the subsequent electroplated silver layer. 
[0031] The present invention aims to provide an alternative to the solder protection coating for the copper or other 
conducting surfaces of bare boards which require protection from tarnishing between bare board manufacture and the 
component-attachment stage. 

35 [0032] Accordingly, in one aspect the present invention provides a method of coating a PCB comprising an insulating 
layer and a conducting layer, with metal pads and/or through-holes in which the pads and/or through -holes are provided 
with an anti-tamish coating, the method comprising cleaning or etching the pads and/or through-holes, metal plating 
the pads and/or through-holes by contact with a plating composition in a metal plating step to form solderable plated 
metal surfaces and contacting the plated metal surfaces with a solution of tarnish inhibitor. 

40 [0033] The insulating layer and conducting layer of the PCB will be as described above. They may comprise the 
insulating layer and conducting circuit pattern of any conventional PCB, respectively. The pads and/or through holes 
for plating are those areas of the PCB for which solderability must be. maintained for attachment of components in the 
subsequent soldering steps for component-attachment. 

[0034] Preferably the method of the present invention comprises a bright etch step as the cleaning or etching step. 

45 [0035] The bright-etch step comprises contacting the pads and/or through-holes with a bright etch composition. Such 
compositions are already known in the industry for other applications and they produce a bright smooth, cleaned surface 
on the conducting metal from which the pads and/or through-holes are formed. In contrast, non-bright etch composi- 
tions, such as those which are based on persulphate provide microroughened, cleaned surfaces. The use of the bright 
etch step allows the formation of a dense, non-porous metal coating, which is particularly suitable for a subsequent 

50 soldering step. 

[0036] Suitable bright-etch compositions are generally aqueous and may be based for example on one or mixtures 
of more than one of hydrogen peroxide, sulphuric acid, nitric acid, phosphoric acid or hydrochloric acid. The bright etch 
compositions generally include at least one component which will tend to modify the dissolution of copper in bright- 
etch compositions. 

55 [0037] Particularly preferred bright etch compositions where the metal surface of the pads and/or through-holes 
comprises copper or a copper alloy are, for example as described in JP 62-188785 A2 (comprising 5.1-10.2 moles/€ 
nitric acid, 4.6-9.2 moles/€ sulphuric acid, 0.01 moles/€ zinc nitrate and 0.4 molestf copper nitrate in aqueous solution); 
JP 60-190582 (comprising for example 20-50% by weight sulphuric acid (96%), 10-25% by weight nitric acid (67.5%), 
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0.5-1% by weight hydrochloric acid (35%) and 0.5-1% by weight nonionic surfactant); US-A- 3668131 (comprising 
hydrogen peroxide, sulphuric acid and urea additives) ; Metal Finishing (Feb 1986), 84, (2), 67-70 (comprising sodium 
dichromate, sulphuric acid, hydrochloric acid, sodium diethyldithio carbonate); Trans Inst. Metal Finishing (Summer 
1 983), 61 , (2), 46-49 (acidified hydrogen peroxide comprising hydrogen peroxide, sulphuric acid and stabiliser) ; Ober- 

5 flacheSurf, (Aug1979)20, (8), 178-179 (comprising nitric acid and dodecyl pyridinium chloride); US-A-451001 8 (com- 
prising sulphuric acid, hydrogen peroxide, fatty acid amine and ammonium compound); US-A-4459216 (comprising 
5-100g/€ hydrogen peroxide and 100-300 g/€ sulphuric acid and aromatic stabiliser); JP 84-038308 (comprising 
0.15-0.3 motes/€ hydrochloric acid; 0.2-0.4 moles/€ phosphoric acid and 0.02-0.1 moles/€ sulphuric acid). Where the 
conducting material of the pads and/or through-holes comprises stainless steel, particularly preferred bright-etch com- 

io positions may be as described for example in WO 93-08317; JP 62-238379 A2; DE 1928307; or Tr. Gos. Nauchno- 
Issled. Proektn. Inst. Osnovn. Khim (1974), 36, 93-97. Where the conducting material is aluminium, a suitable bright- 
etch is as described in Met. Finishing (July 1986) 84, (7), 55-59. 

[0038] Thus any etch composition which provides a bright, cleaned surface may be used. In the bright-etch step, 
contact with the bright-etch composition may be by immersion, spray or any other coating technique, such as is de- 
is scribed in any of the references above, for sufficient time and at a suitable temperature to enable a bright surface to 
form on the conducting material of the pads and/or through-holes. Generally the temperature for contact with the bright- 
etch composition will be ambient and the contact time will be from 5 seconds to 10 minutes, preferably at least 30 
seconds, or even at least 2 minutes, and preferably for no greater than 5 minutes. 

[0039] Generally after the etching step, there will be a post-rinse step comprising rinsing with deionised water and 
20 generally without drying, the bare boards then proceed directly to the plating step. Alternatively, an acid rinse step may 
be included, after the aqueous rinse. 

[0040] Preferably the metal plating step comprises an immersion/displacement metal plating process in which the 
pads and/or through holes are contacted with an aqueous solution containing ions of a metal in a form in which they 
are more electropositive than the metal of the said pads and/or through-holes, the said aqueous solution being sub- 
25 stantially free of any reducing agent for the metal ions in solution. 

[0041] The choice of metal ions in the immersion plating solution, therefore depends on the metal to be plated. Since 
the pads or through-holes generally comprise copper or nickel, suitable examples of plating metals include bismuth, 
tin, palladium, silver and gold; silver and bismuth ions are particularly preferred. 

[0042] A particularly preferred immersion silver plating method is described in PCT Application PCT/GB95/02876. 
30 [0043] As sources of plating metal ions, any water soluble metal salt may be used, for example nitrates, acetates, 
sulphates, lactates or formates. Preferably silver nitrate is used. 

[0044] The metal plating ions are generally in the plating composition at a concentration of from 0.06 to 32 g/l (based 
on metal ions), preferably from 0.1 to 25 g/l, most preferably from 0.5 to 15 g/l. 

[0045] Contact of the metal surface with the plating solution will generally be at temperatures of from 10 to 90°C, 
35 preferably 15 to 75°C, more preferably 20 to 60°C. For example, the temperature of contact with the plating solution 
will be from 15 to 50°C, most usually from 20 to 40°C. 

[0046] Such contact, may be pari of a substantially continuous coating process. 

[0047] The contact time of the plating solution with the metal surface is sufficient to form plated metal surfaces over 
the metal. Generally the contact time will be from 10 seconds to 10 minutes. A contact time of less than 10 seconds 

40 has generally being found to give insufficient coverage with silvery coating and although the contact time may be longer 
than 10 minutes, no additional benefit has been found from a contact time of longer than 10 minutes. 
[0048] The- preferred plating process is an immersion/ displacement process and not a true electroless plating proc- 
ess. In the preferred plating compositions of the present invention, metal atoms on the surface of the metal are oxidised 
by the metal plating ions in the solution, so that a layer of plated metal deposits on the pads and/or through holes. The 

45 process is self-limiting because when plated metal covers all of the surface sites of metal oxidisable by the plating 
metal no further reaction and therefore no further deposition occurs. 

[0049] An alternative to the bright etch step is to clean the pads and/or through holes prior to contacting the metal 
surface with the plating composition in the metal plating step. Cleaning may be using an acidic cleaning composition, 
Such as any cleaning composition known in the art. Examples are copper conditioner PC 1144 supplied by Alpha 
so Metals Limited. Where there is a cleaning step using an acidic cleaning solution, generally there will be a rinsing step 
prior to contacting the metal surface with the plating solution. 

[0050] In carrying out the method of the invention a tarnish inhibitor may be present in the plating solution itself so 
that the plating solution comprises the solution comprising tarnish inhibitor. Thus, in a preferred method of the invention, 
the plated metal surfaces are contacted with a solution comprising a tarnish inhibitor during the plating step (ie. contact 
55 may be during formation of the plated metal surfaces). 

[0051] Alternatively, the metal surfaces are plated in the plating step and subsequently the plated metal surfaces are 
contacted with a solution comprising a tarnish inhibitor in a further step. The solution is preferably aqueous, being 
made up from deionised or otherwise purified water. The composition comprising tarnish inhibitor may additionally 
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comprise solubilisers, for example non-aqueous solvents, surfactants and/or pH buffers. 

[0052] Contact of the composition comprising tarnish inhibitor with the plated metal surfaces will be for at least 5 
seconds, preferably for at least 20 seconds. Where the tarnish inhibitor is present in the plating solution, the time of 
contact is generally determined by the duration of the plating step. Generally, the contact time will be from 1 to 5 

s minutes. The temperature of contact is most usually from 10 to 90°C, preferably 15 to 75°C, more preferably 20 to 
60°C. For example the temperature of contact with the plating solution may be from 15 to 50°C, most usually from 20 
to 40°C, Contact may be any conventional means, for example by dip, spray or horizontal immersion coating. 
[0053] The most appropriate pH depends to some extent on the particular tarnish inhibitor used but primarily on the 
metal ions present in a plating bath which contains the tarnish inhibitor. Where the tarnish inhibitor is contacted in a 

io separate step with the plated metal surface, the pH should be appropriate for the tarnish inhibitor and selected so that 
it does not attack the plating. Where the solution is a silver plating composition a convenient pH is in the range 3 to 
10. Where the solution is a bismuth plating bath the pH may be 1 or lower. 

[0054] The solution comprising the tarnish inhibitor may be a final rinse solution, applied to the boards prior to drying 
of the boards. The board may undergo subsequent treatment steps after contact with the composition comprising 
f5 tarnish inhibitor. However, generally, after contact with the solution, comprising a tarnish inhibitor and drying, they are 
at the end of the first bare board manufacturing stage, and are ready for the second component-attachment stage. 
Optionally, for example, there may be a deionised water rinse step, prior to drying. 

[0055] The concentration of tarnish inhibitor in the solution comprising tarnish inhibitor, will generally be from 0.0001 
to 5% by weight, i.e. 0.001 to 50g/l. Preferably, the amount of tarnish inhibitor will be from 0.005 to 3% by weight, and 
20 most preferably from 0.01 to 2% by weight, or even below 1 % by weight. 

[0056] The method of the invention may surprisingly also be used on precious metals such as gold, platinum or 
ruthenium where it will improve severability. 

[0057] Where the plating is other than by the preferred immersion/displacement process, for example if it is by elec- 
troless plating the plating composition may comprise alternative plating metal ions, such as nickel. 

25 [0058] The use of tarnish inhibitor in the invention has been found to provide metal coatings which have good tarnish- 
resistance (resistance to humidity and oxidation) even when stored at 40°C and 93% RH for 96 hours or at 150°C for 
2 hours. The porosity inherent in immersion coatings is reduced by the provision of a level surface using the bright- 
etch step so that the anti-tamish properties are considerably improved, even at the high temperatures reached in reflow 
soldering processes. Concern over the use of silver plating as described for example in DE-C-431 6679 due to migration 

30 of silver ions is overcome as it has been found that the present invention substantially prevents silver migration by 
providing a barrier to moisture. 

[0059] When the method of the present invention employs an immersion plating composition it will preferably contain 
a complexing agent for the ions of the most electropositive metal. This aspect has been found to be particularly useful 
for silver or bismuth plating. 

35 [0060] Where the plating composition comprises a complexing agent it is preferably present in an amount of from 
0.1 to 250 g/l, preferably from 2 to 200 g/l and most preferably from 10 to 100 g/l, especially around 50 g/l. The com- 
plexing agent may be any complexing agent for the plating metal ions which does not form a water insoluble precipitate 
under the aqueous and pH conditions of the composition. Mixtures of complexing agents may also be used. It is de- 
sirable to use complexing agents which are bi-dentate or higher dentate ligands since the stability constants of such 

40 complexes are higher than mono-dentate ligands. 

[0061] Examples of suitable complexing agents have oxygen-containing ligands, for instance amino acids and their 
salts, preferably having at least 2 and up to 10 carbon atoms, polycarboxylic acids, usually amino acetic acids, such 
as nitrilo-triacetic acid or, usually, alkylene polyamine polyacetic acids including ethylene diamine tetracetic acid (EDTA) 
diethylene triamine pentaacetic acid, N-hydroxyethyl ethylene diamine triacetic acid, 1,3-diamino-2-propanol-N,N,N, 

45 'N,' -tetra-acetic acid, bishydroxyphenylethylene diamine diacetic acid, diamino cyclohexane tetraacetic acid or ethyl- 
ene glycol-bis-[(P-aminoethylether)-N,N'-tetraacetic acid] and N,N 1 N',N'-tetrakis-(2-hydroxypropyl) ethylene diamine, 
citrates and/or tartrates, N,N-di-(hydroxyethyl)glycine, gluconates, lactates, citrates, tartrates, crown ethers and/or 
cryptands. 

[0062] Particularly preferred complexing agents for silver are EDTA, DTPA and N,N,N\N'-tetrakis-(2-hydroxypropyl) 
so ethylene diamine. The complexing agent should form a soluble complex with plating metal ions in aqueous solution 
under the pH conditions of the plating solution. 

[0063] A suitable complexing agent for bismuth is chloride, and it is generally unnecessary to use a multidentate (ie 
bi- or higher-dentate) ligand complexing agent for bismuth. 

[0064] The complexing agent is preferably used either in stoichiometric equivalent amounts or in a stoichiometric 
55 excess so that all the plating metal ions may be complexed. By stoichiometric we mean equimolar. Preferably the 
complexing agent is present in a higher molar concentration than the silver ions, the molar ratio preferably being (at 
least 1.2):1, more preferably (at least 2.0):1, more preferably (at least 3):1. 

[0065] Suitable tarnish inhibitors for use in all aspects of the present invention include for example: 
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(a) fatty acid amines, preferably having at least 6 carbon atoms, most preferably at least 10 carbon atoms and 
generally no greater than 30 carbon atoms, they may be primary, secondary, tertiary, diamines, amine salts, amides, 
ethoxylated amines, ethoxylated diamines, quaternary ammonium salts, quaternary diammonium salts, ethoxylat- 
ed quaternary ammonium salts, ethoxylated amides and amine oxides. Examples of the primary, secondary and 

5 tertiary amine-type corrosion inhibitors are ARMEEN™ (™ denotes trademark). Examples of the subsequent 

amine-type corrosion inhibitors are respectively DUOMEEN™, ARMAC™/DUOMAC, ARMID™, ETHOMEEN™, 
ETHODUOMEEN™, ARQUAD™, DUOQUAD™, ETHOQUAD™, ETHOMID™, AROMOX™, all supplied by Akzo 
Chemie. 

(b) Purines and substituted purines. 

io (c) N-acyl derivatives of sarcosine, such as the SARKOSYL range of products supplied by Ciba-Geigy. 

(d) Organic polycarboxylic acids such as Reocor 190 supplied by Ciba-Geigy. 

(e) substituted imidazoline in which substituents are for example hydroxyl C H , alkyl amino or carbonyl-containing 
groups. Examples include AMINE 0, produced by Ciba-Geigy, especially in combination with a N-acyl sarcosine 
of category (c) 

'5 (f) alkyl or alkyl benzyl imidazoles, eg undecyl imidazole in which the alkyl group has up to 22 carbon atoms, 

preferably no greater than 11 carbon atoms and in which the alkyl or benzyl groups are optionally substituted, 
(g) benzimidazoles, especially alkylaryl benzimidazoles in which the alkyl group has up to 22 carbon atoms, pref- 
erably no greater than 10 carbon atoms and in which the alkyl or benzyl groups are optionally substituted, for 
example 2-(p-chlorobenzyl) benzimidazole which is particularly preferred. 

20 (h) Phosphate esters such as EMCOL PS-41 3, supplied by Witco. 

(i) Optionally substituted triazole derivatives such as REOMET 42, supplied by Ciba-Geigy. Examples are benzo 
triazole, tolyl triazole and alkyl substituted triazole derivatives having a carbon number on the alkyl group of from 
1 to 22, preferably from 1 to 10. 

(j) substituted tetrazoles, such as 5(3(trifluoromethyl phenyl)) tetrazole, is also a preferred example. 

25 

[0066] The choice of tarnish inhibitor will depend to some extent upon the metal of the plated metal surfaces, but 
this will be clear to a person skilled in the art. For example, if the tarnish inhibitor is to be incorporated into a gold plating 
bath, the tarnish inhibitor may be a chloride salt, however, in contrast, using a silver plating bath, chloride salts may 
not be used as they will result in formation of an insoluble silver chloride precipitate. 

30 [0067] The tarnish inhibitor is preferably water soluble so that the solution is an aqueous solution. However, water 
immiscible tarnish inhibitors may be used although it may be necessary to include a surfactant/cosolvent in the solution. 
[0068] This invention has been found to provide considerable advantages in preventing tarnishing and conferring 
humidity resistance on the bare boards produced so that additional protection is provided between the bare board 
manufacture stage and the component-attachment stage. Solderability is found to be enhanced. 

35 [0069] A suitable pH for a silver plating composition may be from 2 to 12, but is preferably from 4 to 10. Thus, the 
composition may be acidic, up to pH 7. Alternatively, the composition may be alkaline, and have a pH of greater than 
7, or even greater than 7.5. A bismuth plating solution usually has a low pH of 1 or less. 

[0070] A buffering agent may be included in the plating composition to ensure that the pH of the composition is within 
the desired range. As the buffering agent, any compatible acid or base may be included. A compatible acid or base is 

40 an acid or base which in the amounts required in the composition does not result in the precipitation out of solution of 
the silver ions and/or complexing agent. For example hydrogen chloride is unsuitable for a silver plating composition 
as it forms an insoluble silver chloride precipitate. Suitable examples include sodium or potassium hydroxide or a 
carbonate salt, or where acids are required, suitable acids may include citric acid, nitric acid or acetic acid. Borates 
phthalates, acetates, phosphonates may be used but the buffer should not result in precipitation of the metal salts and 

45 preferably does not inhibit the plating rate. An appropriate buffer will be dependent on the desired working pH. 

[0071] The plating composition may include optional ingredients such as surfactants or wetting agents to improve 
the coating uniformity. Where surfactants are included, preferably they are introduced into the composition in an amount 
such that in the plating bath, they will be present at a concentration of from 0.02 to 100 g/l. Preferably they will be 
incorporated at a concentration of from 0.1 to 25 g/l and most preferably at a concentration of from 1 to 15 g/l. Any 

so standard surfactant or wetting agent useful in a plating bath may be used. Nonionic surfactants are preferred. Partic- 
ularly preferred surfactants are alkyl phenol ethoxylates, alcohol ethoxylates and phenol ethoxylates such as *Synper- 
onic NP9 (ex I CI), *Synperonic A14 (ex ICI) and *Ethylan HB4 (ex Harcros), respectively (*denotes trade name). 
[0072] A further optional ingredient which can be included in the plating baths of the present invention are grain 
refiners. Grain refiners improve the appearance of the plated metal surfaces by causing formation of smaller crystals 

S5 of plated metal having a more densely packed structure. Suitable examples of grain refiners include lower alcohols 
such as those having from 1 to 6 carbon atoms, for example isopropanol and polyethylene glycols, for example PEG 
1450 (Carbowax* Union Carbide). Grain refiners may be incorporated in the composition in amounts from 0.02 to 200 
g/l. More preferably, if a grain refiner is included, it will be at concentrations of from 0.05 to 100 g/l and most preferably 
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from 0.1 to 10 g/l. Any non-aqueous solvent should be present in amounts below 50% by weight of the composition, 
preferably below 30% by weight or even below 10% or 5% by weight of the plating composition. 
[0073] Other non-active, non-interfering components may be included such as defoamers especially for spray ap- 
plications (eg, A100 supplied by Dow), dyes etc. 
s [0074] The balance in the composition is water. Deionised water or other purified water which has had interfering 
ions removed, is used in the plating composition used in the process of the invention. 

[0075] In order to form the plating composition for use in the processes of the present invention, preferably a solution 
is firstly prepared comprising deionised water, complexing agent as defined above, and any buffering agent, optionally 
with the other optional ingredients, and a salt of the more electropositive metal is added as an aqueous solution to the 
10 other components which have been formed into a p re-mix. It has been found that this is the most advantageous way 
to prepare the solution because trying to dissolve the metal salt directly into the plating composition is relatively time 
consuming and, where the metal is silver, tends to be more vulnerable to photoreaction which results in precipitation 
of silver ions out of solution, as a dark precipitate. 

[0076] Preferably the pH of the composition to which a silver salt is added will be from pH 3 to 10, most preferably 
is from 4 to 8. 

[0077] The components are mixed until they have substantially dissolved. The use of heat for silver dissolution is 
disadvantageous because again, it may tend to cause the formation of a dark silver precipitate. 
[0078] After contact of the bare board with the solution comprising tarnish inhibitor, the board is dried. Preferably, 
there will be no post-rinse step between contact of the board with the solution and drying. 
20 [0079] Drying may be by any means, but is generally using warm air, for example treated metal may be passed 
through a drying oven. 

[0080] The coating obtained using the method of the present invention produces a surface which is considerably 
more uniform and even than that obtained in the conventional HAL processes and, compared with organic protection, 
the coating is more resistant to soldering operations. Furthermore, the process of this invention is less expensive and 

25 simpler than use of the nickel/gold process. 

[0081] In the subsequent component-attachment stage, the components are soldered onto the plated pads and/or 
through-holes of the bareboard. The metal of the pad(s) and/or through-holes (generally copper) and plating metal, 
usually silver, and/or the plating metal and solder may tend to intermix. The bond formed with the components has 
good electrical conductivity and good bond strength. 

30 [0082] After component attachment, finished boards having components attached over the plated layer of the present 
invention, do not suffer joint reliability problems as do those boards formed using a nickel/gold step. 
[0083] The present invention also includes within its scope an aqueous displacement/immersion plating bath com- 
position suitable for forming an immersion plating of a relatively more electropositive metal on a relatively less elec- 
tropositive metal which bath contains as the plating metal ions only ions of nickel, silver, tin, lead, palladium, cobalt, 

35 gold, platinum or bismuth, or an alloy of two or more of these metals, a complexing agent for the said ions and a tarnish 
inhibitor fcr * u e said metal which is selected from 

a) a fat*y acid amine, 

b) purine or a substituted purine, 

40 c) an N-acyl derivative of sarcosine, 

d) an organic polycarboxylic acid, 

e) a substituted imidazoline in which the substituts are hydroxyl, C^. 4i alkylamino or carbonyl-containing groups, 

f) an alkyl imidazole or an alkyl benzyl imidazole, 

g) a benzimidazole, 
<5 h) a phosphate ester, 

i) ber^oiiazole, totyl triazole or a C v22 alkyl substituted triazole, 
j) 5(3 *- : uoromethyl phenyl)) tetrazole, 
and opt. nally 

50 i) ' :ulfering agent, 

ii) ... - irfactant or wetting agent, 

iii) a in refiner, 

iv) a c'ofoamer, 

v) a nc.n -aqueous solvent in an amount of below 50% by weight, the balance being deionised or purified water 
ss not comprising interfering ions, 

the said ^?th ! eing substantially free of reducing agent for the said plating metal ions. 
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Example 1 

[0084] A Composition was prepared in which 50g EDTA and 20.4g of solid sodium hydroxide were mixed with suf- 
ficient water to dissolve them. A solution comprising Ig silver nitrate in deionised water was subsequently added to the 
5 premixture comprising EDTA and sodium hydroxide solution and deionised water was added to 1 litre. Copper double 
sided circuit boards, having a variety of surface mount feature and plated through holes of various diameter were 
coated with the silver solution using the following procedure. 

[0085] Boards were chemically brightened in an aqueous solution of 20% vA/H 2 0 2 (35%), 0.5% v/v H 2 S0 4 (96%), 
2.5% 1 ,4-bulanediol for 1 minute. A tap water rinse was then employed, followed by an acid rinse in 10% HgSC^ for 
f 0 1 minute. The boards were given a further water rinse, then immersed in the silver plating solution at 40°C for 4 minutes. 
After removal from the bath, the boards were rinsed with water and warm air dried. Copper areas of the board were 
coated with a bright, even silver deposit. 

[0086] Coated boards were subjected to three passes through a typical IR silver paste reflow profile - see figure 1 , 
then wave soldered using NR300, an Alpha Metals VOC free, no clean flux. 100% filing of the plated-th rough holes 
15 with solder was achieved. 

[0087] Further boards were stored in a humidity cabinet at 40°C/93% RH for 24 hours before being passed through 
3 IR reflow profiles. These boards showed a slight degree of tarnishing on the silver coating. However 100% hole filling 
was still achieved during subsequent wave soldering with NR 300 flux. 



20 Example 2 

[0088] A silver plating solution was prepared by forming a solution comprising 50g EDTA, 20.4g NaOH, 14g Ethylan 
HB4 (Akros Chemicals), 3g Crodamet 02 (Croda Chemicals) in 800mls deionised water. To this solution was added a 
solution of 1 g AgNO a in 100 mis deionised water. The pH was adjusted to 6.8 by addition of dilute NaOH/HN0 3 , then 
25 made up to 1 litre with deionised water. 

[0089] Double sided bare copper boards were coated with the above solution using the procedure as described in 
example 1 . *?0% filling of plated through holes with solder was achieved during wave soldering with NR300 flux after 
passage through 3 IR reflow profiles. 

[0090] Bca-ds stored at 40°C/93%RH for 24 hours prior to passage through 3 IR reflow profiles showed no evidence 
30 of tarnishing and soldered well during wave soldering trials, giving 100% hole filling. 

Example 3 

[0091] Debbie sided bare copper boards were coated using the bath composition and procedure as described in 
35 example 1 . Following removal of the boards from the silver plating solution and rinsing, the boards were immersed in 
a solution of Reomet 42 (Ciba-Geigy) in 1 litre deionised water (pH 7) for 1 minute at room temperature. The boards 
were then ringed in tap water and warm air dried. A bright even silver coating was produced. 
[0092] The :oated boards were stored at 40°C/93% RH for 24 hours then passed through 3 IR paste reflow profiles. 
The boards - howed no evidence of tarnishing, and soldered well when wave soldered using NR 300 flux. 

40 

Example 4 

[0093] Coupons of copper strip (5cm x 1 cm) were coated with the silver coating as described in example 2. In addition, 
further samp'os were coated with immersion tin, 63/37 Sn/Pb and two competitors solderability preservative coatings 
45 based on sv ! ■ lituted benzimidazole chemistry. The following coating procedures were applied forthe various samples:- 

Immersion ~ ^ Coating 

[0094] C: ons were etched in an aqueous solution of Na 2 S 2 0 Q (5%), H 2 S0 4 (5%) for 2 minutes, rinsed with tap 
50 water, then - red with 1 0% H 2 S0 4 for 1 minute and then rinsed with deionised water. The coupons were then immersed 
in an immc ; on tin plating solution comprising 33g/£ Sn (BF 4 ) 2 150 g/€ thiourea, 20 g/€ fluoroboric acid and 5 g/€ 
Synperonr P9 (ex ICI) in deionised water, for 1 minute at room temperature. The coupons were then rinsed with 
deionised w. :er and warm air dried. 

55 Sn/Pb Cor j 

[0095] Co ;«ons were etched in an aqueous solution comprising Na 2 S 2 0 Q (5%) and H 2 S0 4 (5%), rinsed with tap 
water then th 1 0% H 2 S0 4 and then with deionised water. The coupons were warm air dried. Alpha NR3O0 flux was 
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then appi: : to each coupon. The coupons were then coated 63/37 Sn/Pb by immersion in molten solder at 250°C for 
3 second£ 

Azole 1 a- ! Azole 2 

[0096] C jpons were etched and rinsed as for the immersion tin samples. Coupons were then immersed in the 

solution c aining the azole at 40° C for 90 seconds. After removal from the azole containing solution, the coupons 

were rinse /vith deionised water, and warm air dried. 

[0097] 1 3 coupons were subjected to a variety of different pre-treatments. 

A. No e-treatment. 

B. P.-i *ge through 3 solder paste reflow profiles. 

C. S' ige at 40°C/93% RH for 96 hours. 

D. Sic age at 40°C/94% RH for 96 hours, then 3 solder paste reflow profiles. 

E. St- ge at 150°C for 2 hours. 



[0098] 5 nples were then soldered using a meniscograph with NR300 flux. 

[0099] T meniscograph test method monitors the solderability by measuring the net force acting between specimen 

and soldc "he coatings are assessed by the length of time to reach zero wetting force, and the size of the equilibrium 

20 wetting fc \ To achieve good results in wave soldering a short wetting time and high equilibrium wetting force are 
preferred. 

[0100] 1 d table below shows the wetting times in seconds and wetting forces after 2 seconds immersion in mN/ 

mm for v- -js copper coated samples. 

25 TABLE 1 



35 



45 



50 



Coating 


P re-Treatment 


Wet time/sec 


Wetting force at 2 seconds 


Example 2 


A 


0.7 


0.429 


Example 2 


B 


0.8 


0.444 \ 


Example 2 


C 


0.7 


0.429 


Example 2 


D 


0.7 


0.441 


Example 2 


E 


0.8 


0.438 


Tin 


A 


0.9 


0.488 


Tin 


B 


>5 


-0.028 


Tin 


C 


>5 


0.008 


Tin 


D 


>5 


-0.148 


Azole 1 


A 


0.8 


0.439 


Azole 1 


B 


0.9 


0.412 


Azole 1 


C 


0.9 


0.443 


Azole 1 


D 


0.9 


0.426 


Azole 1 


E 


1.0 


0.421 


Azole 2 


A 


0.9 


0.449 


Azole 2 


B 


1.0 


0.417 


Azole 2 


C 


0.9 


0.466 


Azole 2 


D 


1.1 


0.310 


Azole 2 


E 


1.2 


0.296 


Sn/Pb 


A 


0.8 


0.475 


Sn/Pb 


B 


0.8 


0.501 


Sn/Pb 


C 


0.8 


0.492 


Sn/Pb 


D 


0.8 


0.474 


Sn/Pb 


E 


0.8 


0.492 



[0101] A can be seen from above, the silver coatings prepared according to this invention have shorter wetting 
times and gher wetting forces than the Sn and benzimidazole alternative and retain these properties more readily 
after hum y and heat treatment. 
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Example s 

[0102] A displacement bismuth plating composition was prepared comprising 3.9g bismuth oxide, 183.lg hydrogen 
chloride (as 37% solution), 490. 5g glycolic acid (70% solution), 265. 4g (50% sodium hydroxide solution), 0.077g po- 
5 tassium iodide, 0.003g Synperonic NP9 (ex ICI) and 4g 2p-chlorobenzyl benzimidazole, were added to deionised water 
to make 1 litre of product solution. Bare boards having copper pads and copper through holes were chemically bright- 
ened as described in example 1 , then immersed in the plating baths for 2 minutes at 70°C. A coating of bismuth was 
formed on :he surface of the copper having a thickness of 0.05um Subsequent solderability and tarnish resistance 
tests carri» J out on the plated bare boards showed good results for solderability and tarnish resistance. 

10 

Example ft 

[0103] Double sided bare copper boards were bright etched in an aqueous solution of 50% v/v HN0 3 , 10% H 2 S0 4 
10% H 3 P0 4 , 1% HCI for 1 minute at room temperature. Boards were then rinsed in tap water followed by 10% H 2 S0 4 
15 for 1 minute. After a further water rinse, boards were immersed in silver plating bath described in example 2 for 4 
minutes, nt 45° C. Boards were then water rinsed and warm air dried. 

[0104] The coated boards were stored at 40°C/93% RH for 24 hours then passed through 3 IR paste reflow profiles. 
The boards showed no evidence of tarnishing and soldered well when wave soldered using NR 300 flux. 

20 Example 7 




[0105] ? silver plating bath was prepared by forming a solution comprising 64.8g diethylene triamine penta-acetic 
acid, 22.0. : NaOH, I4g surfactant Ethylan HB4 (Akros Chemicals), 2.5g Crodamet 02 an ethoxylated 3° amine com- 
pound (C; da Chemicals) in 800m Is deionised water. To this solution was added a solution of Ig silver nitrate in 1 0Omls 
25 deionised - ater. The pH of this solution was adjusted to 6.9 by addition of dilute NaOH solution or nitric acid. The 
volume vv-.s then made up to 1 litre using deionised water. 

[0106] r ^ble sided bare copper boards were coated using the above solution using the procedure as described in 
Example ' . 100% filling of the plated through holes was achieved during wave-soldering of the coated boards using 
Alpha Me -!s NR300 flux after passage through 3 I.R. reflow profiles showed no evidence of tarnishing, and soldered 
30 well during wave-soldering trials giving 100% hole-fill. 



Example 8 



[0107] immersion silver plating solution was prepared comprising 98.2g deionised water, Ig of nitric acid, O.lg of 

35 silver ni;:- \ 0.3g of Chemeen C2 (antitarnish) and 0.4g Mazawet DF (solubiliser). The pH was adjusted to 6 using a 

50% so' ; ~n of ethylene diamine. The bath produced an adherent silver deposit on copper coupons which showed 

good ? ability and humidity resistance. 



40 



so 



Exarr-3'o 



[0108] f- bismuth plating solution was prepared containing bismuth trioxide 2.1% wt., hydrochloric acid (22°Be) 
46.73% vv'i , glycollic acid (70%) 49.5% wt., potassium chloride 0.07 % wt., polyethylene glycol 600 0,1% wt., Chemax 
Chem^:-! :.2 0.2% wt., distilled water 1.2% wt. and tartaric acid 0.1% wt. A further solution was prepared from which 
the Cherr. :>n C2 was omitted. Samples of copper clad printed circuit material were plated in each of the solutions. 
45 These d samples were then placed in a humidity chamber for 16 hours at 60°C and 95% relative humidity. 

[0109' er this exposure the samples were examined, and those prepared in the solution without the Chemeen C2 
were h / tarnished. The samples prepared in the solution containing the tarnish inhibitor had a good appearance 
with rr I oxidation, and when tested showed good solderability. 



Claim,. 



1 . A . - ;d of coating a PCB comprising an insulating layer and a conducting layer, with metal pads and/or through- 

h' i which the pads and/or through-holes are provided with an anti-tarnish coating, the method comprising 

55 c: ■} or etching the pads and/or through-holes, metal plating the pads and/or through-holes by contact with a 

p' composition in a metal plating step to form solderable plated metal surfaces and contacting the plated metal 

& s with a solution of tarnish inhibitor. 
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2. A r hod as claimed in claim 1 wherein the cleaning or etching step comprises a bright-etch treatment. 

3. A r .hod as claimed in claim 1 or claim 2 wherein the metal plating step comprises an immersion/displacement 
mc I plating process in which the pads and/or through holes are contacted with an aqueous solution containing 
ior of a metal in a form in which they are more electropositive than the metal of the said pads and/or through- 
ho: 3, the said aqueous solution being substantially free of any reducing agent for the metal ions in solution. 

4. A r thod as claimed in any one of the preceding claims in which the plating composition contains a complexing 
ag t for the metal ions, preferably a multidentate ligand complexing agent. 

5. An ;hod as claimed in any one of the preceding claims wherein the plating composition includes a tarnish inhibitor 
an- ^e tarnish inhibitor is applied during the metal plating therein. 

6. A r .hod as claimed in any one claims 1 to 4 in which the metal plated surface formed in the plating step are 
75 su' jquently contacted with a solution comprising a tarnish inhibitor in a post-rinse step. 

7. A ( )thod as claimed in claim 6 wherein the contact time of the plated metal surface with the solution comprising 
a fc nish inhibitor is from 10 seconds to 5 minutes. 

20 8. A r thod as claimed in any one of the preceding claims wherein the metaf surfaces are contacted with a solution 
cof arising a tarnish inhibitor by dip coating or spray coating. 

9. A r :hod as claimed in any one of the preceding claims in which the tarnish inhibitor is present in the solution in 
an < nount of from 0.001 to 5% by weight of the solution. 

25 

10. A r thod as claimed in any one of the preceding claims in which the metal plated onto the pads and/or through 
ho: 3 comprises nickel, silver, tin, lead, palladium, cobalt, gold, platinum, bismuth or an alloy thereof. 

11. A r jthod as claimed in claim 10 in which the metal is silver. 

30 

12. Ac "thod as claimed in any one of the preceding claims in which the pads and/or through holes are formed of 

co t er. 

13. A r *hod as claimed in any one of the preceding claims which includes a preliminary step of applying to exposed 
35 coi ictor traces at the surface of the PCB a mask which is an insulator, such that the pads and/or through-holes 

are ft exposed. 

14. A i thod as claimed in any one of the preceding claims including a subsequent step of attaching conducting 
cor oonents to the metal plated pads and/or through-holes using solder in direct contact with the plated metal 

40 su ce. 

15. An queous displacement/immersion plating bath composition suitable for forming an immersion plating of a rel- 
at; y more electropositive metal on a relatively less electropositive metal which bath contains as the plating metal 
ion. only ions of nickel, silver, tin, lead, palladium, cobalt, gold, platinum or bismuth, or an alloy of two or more of 

45 thr - metals, a complexing agent for the said ions and a tarnish inhibitor for the said metal which is selected from 

) a fatty acid amine, 

) purine or a substituted purine, 

; an N-acyl derivative of sarcosine, 
50 ) an organic polycarboxylic acid, 

) a substituted imidazoline in which the substituts are hydroxy!, A alkylamino or carbonyl-containing groups, 
I) an alkyl imidazole or an alkyl benzyl imidazole, 
"0 a benzimidazole, 

) a phosphate ester, 

55 benzotriazole, tolyl triazole or a C A _ 22 alkvl substituted triazole, 

' 5(3(trifluoromethyl phenyl)) tetrazole, 



an- otionally 
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a buffering agent, 
a surfactant or wetting agent, 
i a grain refiner, 
;■ a defoamer, 

. a non-aqueous solvent in an amount of below 50% by weight, the balance being deionised or purified water 
A comprising interfering ions, 

the id bath being substantially free of reducing agent for the said plating metal ions. 

10 16. A c position as claimed in claim 1 5 in which the plating metal ions are present in an amount of from 0. 1 to 25 g/l. 

position as claimed in claim 15 or claim 16 in which the complexing agent is present in an amount of from 

250 g/l. 

is 18. A c position as claimed in any one of claims 15 to 17 wherein the tarnish inhibitor is present in an amount of 
.001 to 50 g/l. 

^position as claimed in any one of claims 15 to 18 wherein the plating metal ions are silver ions and the 
ixing agent is ethylene diamine tetraacetic acid, diethylene triamine pentaacetic acid and/or N.N.N'.N'-tet- 
20 rak ,2-hydroxypropyl) ethylene diamine. 



25 



35 



16. 


Ac 


17. 


Ac 




0.1 


18. 


A c 




froi 


19. 


A c 




COf 




rak 


20. 


Ac 




agr 


Patents 


1. 


Ver 




mit 




to 




93' 
chc 




eir. 




sur 


2. 


Ver: 


3. 


Ve< 




lm; 




me. 




M- 




zk 


4. 


Ve 




de* 


5. 


Ve; 




ent- 


6. 


Ve 




sc ! 




bit- 


7. 


Ve. 




Ar 


8. 


Ve, 




Be 



's chloride. 



oruche 



.ren zum Beschichten einer gedruckten Leiterplatte, die eine isolierende Schicht und eine leitende Schicht 
•tallpads und/oder Durchgangsldchern aufweist, wobei die Pads und/oder Durch gangs loch er mit einer An- 
30 tia: 'beschichtung versehen sind und zu dem Verfahren die Schritte gehoren, wonach die Pads und/oder Durch- 

. jcher gereinigt Oder geatzt werden, in einem Metallbeschichtungsschritt die Pads und/oder Durchgangslo- 
•etallisch beschichtet werden, indem sie mit einem Beschichtungsgemisch zusammengebracht werden, um 
tbare beschichtete Metalloberflache zu schaffen, und die beschichteteten Metalloberflachen mit einer L6- 
; nes Anlaufinhibitors zusammengebracht werden. 



ren nach Anspruch 1, bei dem der Reinigungsoder der Atzschritt eine Glanzatzbehandlung beinhaltet 



on nach Anspruch 1 oder 2, bei dem zu dem Metallbeschichtungsschritt ein Metallbeschichtungsschritt mit 
lon/Abscheidung gehdrt, indem die Pads und/oder Durchgangslocher mit einer wassrigen Losung zusam- 
40 me " racht werden, die lonen eines Metalls in einer Form enthalt, in der sie starker elektropositiv sind als das 

'^r Pads und/oder Durchgangslocher, wobei die wassrige Losung im Wesentlichen frei von jeglichen redu- 
:n Wirkstoffen fur die Metallionen in Losung ist. 

nn nach einem der vorhergehenden Anspruche, bei dem das beschichtende Gemisch einen komplexbil- 
45 de- • Wirkstoff fur die lonen enthalt, vorzugsweise einen mehrzahnigen komplexbildenden Ligandenwirkstoff. 

; on nach einem der vorhergehenden Anspruche, bei dem das beschichtende Gemisch einen Anlaufinhibitor 
und der Anlaufinhibitor wan rend der Metallbeschichtung angewendet wird. 

50 6. Ve n nach einem der Anspruche 1 bis 4, bei dem die metallbeschichtete Oberflache, die in dem Metallbe- 
•ngsschritt hergestellt wurde, anschlieBend in einem Nachspulschritt mit einer Losung, die einen Anlaufin- 
Vthalt, zusammengebracht wird. 

nach Anspruch 6, bei dem die Kontaktzeit der beschichteten Metalloberflache mit der Losung, die den 
s $ Ar ^ibitor enthalt, zwischen 10 Sekunden und 5 Minuten betragt. 

en nach einem der vorhergehenden Anspruche, bei dem die Metalloberflachen durch Eintauchen Oder 
on mit einer Losung mit einem Anlaufinhibitor in Beruhrung gebracht werden. 
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9. Ve .ren nach einem der vortiergehenden Anspruche. bei dem der Anlaufinhibitor in der Losung in einer Menge 
zw len 0,001 bis 5 Gewichtsprozent der Losung enthalten ist. 

10. Ve on nach einem der vorhergehenden Anspruche, bei dem zu den Metallen, mit dem die Pads- und/oder 
s Du ngslocher beschichtet sind, Nickel, Silber, Zinn, Blei, Palladium, Kobaft, Gold, Platin, Bismut und Legie- 

rui ;ehoren. 

11. Ve n nach Anspruch 10, bei dem das MetaN Silber ist. 

io 12. Ve on nach einem der vorhergehenden Anspruche, bei dem die Pads und/oder Durchgangslocher aus Kupfer 

he. ellt sind. 

1 3. Ve • on nach einem der vorhergehenden Anspruche, zu dem es gehort, dass in einem vorausgehenden Schritt 
die :iegenden Leiterbahnen auf der Oberflache der Leiterplatte so mit einer Isolatormaske versehen werden, 

,5 da : Pads und/oder Durchgangsloscher freibleiben. 

14. Ve n nach einem der vorhergehenden Anspruche, zu dem es gehort, dass in einem nachfolgenden Schritt 
leii Komponenten an den metallbeschichteten Pads und/oder Durchgangslochern befestigt werden, indem 
die hichtete Metalloberflache unmittelbar kontaktierende Lotmasse verwendet wird. 

20 

15. W. .3 Zusammensetzung fur ein Umlagerungs/ Immersionsbeschichtungsbad, das zur Herstellung einer fm- 
mc isbeschichtung mit einem verhaltnismaGig starker elektropositiven Metall auf einem dagegen verhaltnis- 
xr\? weniger elektropositivem Metall geeignet ist, wobei das Bad als beschichtende Metallionen lediglich lonen 
vc * el, Silber, Zinn, Blei, Palladium, Kobalt, Gold, Platin oder Bismut sowie Legierungen von zwei Oder meh- 

25 re? :ser Metalle, einen komplexbildenden Wirkstoff fur diese lonen, einen Anlaufinhibitor fur das Metall, der 

ur' n Stoffen 

ottsaureamine, 
. urin oder substituiertes Purin, 
30 e ; nem N-Acylderivat von Sarkosin, 

organ ischen Polykarbonsauren, 

;bstituierten Imidazoniinen, bei dem die Substituenten Hydroxyl-, C 1wt alkylamino- oder Karbonyl enthal- 
de Gruppen, 

Ikylimidazole oder Alkylbenzylimidazole, 
35 ^onzimidazol, 
losphatester, 

nzotriazol, Tolyltriazol oder C-,. 2 2 alkylsubstituierte Triazole, 
3(Trifluoromethylphenyl)) Tetrazol, 

40 au oht ist, und optional 

^'nen puffernden Wirkstoff, 
nen Surfaktant oder ein Netzmittel, 
nen Komverfeinerer, 
45 :inen Entschaumer, sowie 

■i nichtwassriges Losungsmittel in einer Menge von unter 50 Gewichtsprozent enthalt, wobei die auf 1 00% 
izende Menge deionisiertes oder gereinigtes Wasser ist, das frei von storenden lonen ist, 



so 



un* -i das Bad im Wesentlichen frei von reduzierenden Wirkstoff en fur die beschichtenden Metallionen ist. 

16. Zr onsetzung nach Anspruch 15, bei der die beschichtenden Metallionen in einer Menge zwischen 0,1 bis 
25 enthalten sind. 

17. Zu .onsetzung nach Anspruch 15 oder 16, bei der der komplexbildende Wirkstoff in einer Menge zwischen 
55 0,1 10 g/1 enthalten ist. 

18. Zu lensetzung nach einem der Anspruche 15 bis 17, bei der der Anlaufinhibitor in einer Menge zwischen 
0,C * 50 g/1 enthalten ist. 
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1 9. Zusc mensetzung nach einem der Anspruche 1 5 bis 1 8, bei der die beschichtenden Metallionen Silberionen sind 
und c r komplexbildende Wirkstoff eine Ethylendiaminessigsaure, eine diethylentriaminpentaessigsaure und/oder 
N.N.r ,N'-Tetrakis-(2-Hydroxypropyl)Ethylendiamin ist. 

20. Zusa mensetzung nach einem der Anspruche 15 bis 18, bei der die Metallionen Bismutionen und der komplex- 
bilde: :e Wirkstoff ein Chlorid ist. 



Revendii ntions 



1. Proc Je de revetement d'une carte a circuit imprime (PCB), comprenant une couche isolante et une couche con- 
duc: o. avec des bornes metalliques et/ou des trous traversants, les bornes et/ou les trous traversants etant 
pour 5 d'un revetement antiternissement, le procede comprenant un nettoyage ou un decapage des bornes et/ 
ou c trous traversants, un placage par metal des bornes et/ou des trous traversants, par contact avec une 

is comr sition de placage dans une etape de placage de metal, pour former des surfaces metalliques plaquees 

souc 3 !es, et une mise en contact des surfaces metalliques plaquees avec une solution d'un inhibiteur de temis- 

semr ;. 

2. Procf de selpn la revendication 1 , dans lequel I'etape de nettoyage ou de decapage, comprend un traitement de 
20 dec.i .ge-lustrage. 

3. Pfor !e selon la revendication 1 ou 2, dans lequel I'etape de placage de metal, comprend une operation de 
pis- i de metal par immersion/deplacement dans laqueJIe les bornes et/ou les trous traversants, sont mis en 
cor: ; avec une solution aqueuse contenant des ions d'un metal sous une forme dans laquelle ils sont plus 

25 elc.v positifs que le metal desdites bornes et/ou desdits trous traversants, ladite solution aqueuse etant subs- 
tar/.^ ;ment exempte d'agent reducteur des ions metalliques en solution. 

4. Pre - le selon Tune quelconque des revendications precedentes, dans lequel la composition de placage contient 
un acont complexant pour les ions metalliques, de preference un agent complexant formant ligand polydente. 

30 

5. Pro- -a selon I'une quelconque des revendications precedentes, dans lequel la composition de placage comprend 
un in ibiteur de ternissement, et I'inhibiteur de ternissement est applique au cours du placage de m6tal. 

6. Pre - '6 selon I'une quelconque des revendications 1 a 4, dans lequel la surface m6tallique plaqu6e form6e dans 
35 Te'. ■: de placage, est ensuite mise en contact avec une solution comprenant un inhibiteur de ternissement dans 

up 7 ;pe de post-ringage. 

7. Proc ! e selon la revendication 6, dans lequel le temps de contact de la surface metallique plaqu6e avec la solution 
co " ^nant un inhibiteur de ternissement, est de 1 0 secondes a 5 minutes. 

40 

8. Procr ^e selon I'une quelconque des revendications precedentes, dans lequel les surfaces metalliques sont mises 
en <** :act avec une solution comprenant un inhibiteur de ternissement, par revetement par immersion ou rev§- 
tem*. i par pulverisation. 

45 9. p r 'e selon Tune quelconque des revendications precedentes, dans lequeM'inhibiteur de ternissement est pr6- 

se :ns la solution, en une quantite de 0,001 a 5 % en poids de la solution. 

10. Pre e selon I'une quelconque des revendications precedentes, dans lequel le metal plaque sur les bornes et/ 
ou ' rous traversants, est choisi parmi le nickel, I'argent, retain, le plomb, le palladium, le cobalt, Tor, le platine, 

50 le 1 uth ou un alliage de ceux-ci. 

11. Pre? '.q selon la revendication 10, dans lequel le metal est I'argent. 

1 2. Pr. o selon I'une quelconque des revendications precedentes, dans lequel les bornes et/ou les trous traversants 
55 son: rmes de cuivre. 

13. Pi o selon I'une quelconque des revendications precedentes, comprenant une etape preliminaire d'application 
su ace conducteur expose a la surface de la carte a circuit imprime PCB, d'un masque consistant en un isolant, 
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de s le que les bornes et/ou les trous traversants soient laisses exposes. 

1 4. Proc -de selon Tune quelconque des revendications precedentes, comprenant I'ttape ulttrieure de liaison de com- 
posf ,ts conducteurs aux bornes et/ou aux trous traversants plaques de metal, en utilisant de la soudure, en 

5 cont xc\ direct avec la surface metallique plaquee. 

15. Composition aqueuse de bain de placage par deplacement/immersion, appropriee pour former un placage par 
immersion, d'un metal relativement electro-positif sur un metal relativement peu tlectro-positif, ce bain contenant 
comme ions de metal a plaquer, seulement des ions de nickel, d'argent, d'etain, de plomb, de palladium, de cobalt, 

io d'or, Je platine ou de bismuth, ou d'un alliage d'au moins deux de ces metaux, un agent complexant pour lesdits 

ions, jt un inhibiteurde ternissement dudit metal, choisi parmi : 

c , une acide gras-amine, 
\ une purine ou une purine substitute, 
75 c un derive de sarcosine N-acyle, 

c , un acide polycarboxylique organique, 

e) une imidazoline substitute dans laquelle les substituants comprennent des groupes hydroxyle, alkylamino 
en C,-C 4 ou carbonyle, 

f) un alkyl imidazole ou un alkyl benzyl imidazole, 
20 g) un benzimidazole, 

h) un ester de type phosphate, 

i le benzotriazole, le tolyl triazole ou un triazole a substituant alkyle en C r c 22, 
j le 5(3(trifluoromethylphenyl))-tetrazole, et eventuellement 
!■ un agent tampon, 
25 I vjn tensioactif ou un agent mouillant, 

r } un agent d'affinage de grain, 
i , un suppresseur de mousse, 

c) un solvant non aqueux selon une quantite inferieure a 50 % en poids, le reste consistant en eau desionisee 
ou purifiee ne comprenant pas d'ions gtnants, 

30 

ledrt ^ain etant substantiellement exempt d'agent reducteur desdits ions de metal de placage. 

1 6. Com Dsition selon la revendication 1 5, dans laquelle les ions de metal de placage sont presents selon une quantite 
de 0 ' a 25 g/L 

35 

17. Com osition selon la revendication 15 ou 16, dans laquelle I'agent complexant est present selon une quantite de 
0,1 £ 50g/l. 

18. Com. Dsition selon Tune quelconque des revendications 15 a 17, dans laquelle Tinhibiteur de ternissement est 
40 pr6s f .it selon une quantite de 0,001 a 50 g/l. 

19. Corr osition selon Tune quelconque des revendications 15 a 18, dans laquelle les ions de metal de placage sont 
des i ns argent, et I'agent complexant comprend de I'acide ethylenediamine tetracetique, de I'acide ditthylene 
triarr e pentacetique et/ou de la N,N,N',N'-tetrakis-(2-hydroxypropyl) ethylene diamine. 

45 

20. Com dsition selon Tune quelconque des revendications 15 a 18, dans laquelle les ions de metal sont des ions 
bisrr h, et I'agent complexant est un chlorure. 



50 



55 
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